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Repeatability of the pseudo-kinematic computation method (mean error and
RMS for the 8 subjects)
Rotations (degrees) Displacements (mm)
FE AA IER ML AP PD
Inter-observers 0.1 (0.1) 0.6(0.5) 0.9 (0.8) 0.6(0.5) 0.4(0.4) 0.3(0.3)
Intra-observer 0.1(0.1) 0.4(0.4) 0.7(0.5) 0.5(0.4) 0.4(0.2) 0.2(0.2)
Abstracts / Osteoarthritis and Cartilage 23 (2015) A82eA416 A117Methods: Fifty participants with no clinical signs of knee OA, aged 60-
79, were recruited from the community. Participants walked barefoot at
their comfortable walking speed along a 10 meter walkway, at the end
of which a video camera was positioned. The limb was exposed for
video recording and the dominant limb was the index knee with
markers placed anteriorly on the anterior superior iliac spine, patella
and midway between medial and lateral malleoli. Each participant
completed ﬁve gait trails with the three middle trails used for quanti-
fying knee motion. To describe the knee function of the sample, par-
ticipants completed the Knee Injury and Osteoarthritis Outcome Score
(KOOS). Clinically observed varus or valgus thrust was scored by two
examiners who reviewed videos of over two sessions and the results
were analysed for intra-rater and inter-rater reliability using the Kappa
coefﬁcient. Consensus on thrust presence classiﬁcations for all partic-
ipants was reached to validate the quantitative measure of thrust using
two-dimensional video analysis (P&O Clinical Movement Data, Sili-
concoach Ltd, Dunedin, NZ). Video analysis was conducted by manually
locating the markers and were used to deﬁne the hip-knee-ankle (HKA)
angle. The change in HKA angle between initial contact and mid-stance
was used to evaluate validity of this measure. We conducted a receiver
operator curve (ROC) to determine the accuracy of the quantitative
measure in distinguishing thrust presence.
Results: Intra-rater reliability in the clinical evaluation of thrust dem-
onstrated substantial agreement (p<0.001, k¼0.74-0.84). Inter-rater
reliability revealed moderate agreement between observers (k¼0.77,
p<0.001). After reaching consensus on classiﬁcation of thrust, 70% of
the participants demonstrated no thrust, 26% had a varus thrust and 4%
had a valgus thrust. Quantitative analysis demonstrates that partic-
ipants with no thrust had a mean HKA angle of 1.13 (SD ¼ 1.1), those
with varus thrust had 3.21 (SD ¼ 0.8) and two participants with valgus
thrust had -0.8 (SD ¼ 1.7). We identiﬁed a statically signiﬁcant differ-
ence (p<0.001) in the HKA angle change between participants who had
no thrust and those with varus thrust. There were no statistically sig-
niﬁcant differences in participant characteristics between thrust clas-
siﬁcations. The change in HKA angle was found to be 90.2% accurate in
distinguishing participants with varus thrust and those with no thrust
(p<0.001).
Conclusions: Clinical evaluation of varus thrust demonstrates moder-
ate to substantial reliability. Both clinical evaluation and quantitative
analysis using simple readily available tools can be used to classify and
quantify a varus thrust. Both methods of assessment have the potential
to be easily transferred into the clinical setting and be used as a pre-
dictive tool or to objectively monitor severity of varus thrust.
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Purpose: Knee osteoarthritis (OA) is diagnosed and graded with a
radiographic evaluation of the joint. However, there is no clear corre-
lation between this grade and patient functional outcome scores
(Sanghi et al. 2011; Zifchock et al. 2011, Alkan et al. 2013). This leads to
the need of a quantitative and precise measure to represent the knee
function. In the recent years, to evaluate healthy and OA knee function,
the trend was to track skin markers displacements, known to be
affected by soft tissue artefacts (Leardini et al., 2005). On the other hand,
with imagery-basedmethods, 3Dmodel acquired either from CT scan or
Magnetic resonance imaging are matched on 2D ﬂuoroscopic images
(kinematics) or several radiographs (pseudo-kinematics) (Moro-Oka
et al., 2006). With objects of known geometry in the radiographic scene
(bone-embedded tantalum beads or prostheses), this matching allows
attaining kinematic measurement accuracy <1 and <1mm. Without
tantalum beads or prostheses, the process lacks reliability and accuracy.
Thus, our goal is to present an intrinsic computation method - without
any object added in the scene - and to validate its reliability on patients’
images as well as its accuracy on simulated radiographs in a pseudo-
kinematic context.
Methods: The low radiation dose biplanar EOS™ system was used to
acquire two orthogonal radiographs at 0 , 15, 30 , 45 and 70 knee
ﬂexion of the full limb during static squat. Personalised 3D models ofthe femur, tibia and ﬁbula were reconstructed from the radiographs at
0 of ﬂexion .
The knee 3D pseudo-kinematic was evaluated matching the 3D models
on the orthogonal radiographs, computing the joint displacement as 3D
rotations and 3D displacements as follows - for each pair of images at
the different knee ﬂexion angles:
1-Manual positioning of the 3D model in the radiographic scene by the
user (Fig.a, b)
2-Extraction of each bone contour in the radiographs (Fig.b) (Chav et al.,
2009)
3-Automatic estimation of the 3D model pose with a matching on the
bones' contours (Fig.c)
Coordinate systems were then deﬁned on the 3D models of the femur
and tibia according to Südhoff (2007). For each position, the pseudo-
kinematics was expressed in terms of abduction/adduction (AA),
internal/external tibial rotation (IER), antero-posterior (AP), medio-
lateral (ML) and proximo-distal (PD) displacements with respect to
knee ﬂexion (Fig.c).
3D pseudo-kinematic measurement repeatability was assessed for 5
severe OA patients and 3 asymptomatic (AS) subjects. Intra-observer
repeatability was assessed by one observer 3 times, for the 8 subjects.
Similarly, 2 observers computed the 3D pseudo-kinematics for the same
8 subjects for inter-observers repeatability assessment. To evaluate the
accuracy of the method, we generated synthetic radiographs in 5
known positions for the femur, tibia and ﬁbula to create a simulated 3D
pseudo-kinematic. Then, the bone contours were extracted in the
synthetic radiographs, the 3D models' pose estimated and the 3D
pseudo-kinematic computed. The method accuracy was evaluated as
the mean absolute difference of the estimated kinematic and the
simulated one.Results: The inter and intra-observer repeatability of the 3D pseudo-
kinematic measurement were <1and <1mm, even for IER, that rely on
the intricate registration of the femur and tibia tubular shapes (Table 1).
Mean measurement accuracy was 0.32 (RMS 0.28, max 0.92o) for
abduction and rotation and 0.30mm (RMS 0.24mm, max 0.71mm) for
the three Displacements. These results were similar to Sharma's (2012)
who obtained repeatable (<1/<1mm) and accurate (0.5/0.84mm)
measurements with patient images, matching 3D CT models with
prostheses and biplanar ﬂuoroscopy. It is worth noticing that we were
able to compute 3D pseudo-kinematics for AS as well as for OA subjects:
the cartilage degeneration seemed to not affect adversely our results.
Conclusions:We presented an intrinsic method that allows computing
3D pseudo-kinematics of the knee. For the 5 ﬂexion positions, the
acquisition time remained short (<30 minutes) and the bone matching
and pseudo-kinematic calculation took approximately one hour per
subject. Moreover, the results on OA patients show the feasibility of the
method in a clinical context: this method could potentially offer a
Abstracts / Osteoarthritis and Cartilage 23 (2015) A82eA416A118measure representing the knee function, and be used for follow-up of
OA patients, to understand how OA affects the knee kinematics.
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Purpose: Stress shielding and micromotion are two major issues which
determine the success of newly designed cementless femoral stems.
The correlation of experimental validation with ﬁnite element analysis
(FEA) is essential to evaluate the stress distribution and ﬁxation stability
of the stem within the femoral canal.
Methods: The experiment was performed to validate the ﬁnite element
analysis of stress distribution and micromotion. A small left fourth
generation composite femur was used because it mimicked an actual
human femorawith Asian hipmorphology. The femur was loaded at the
center of the femoral stem ball using an advanced material testing
systemmachine at the rate of 1 kN/min, and constrained distally using a
custom designed jig positioned at the base of the machine. The cyclic
axial loading was set from 0 to 2000 N using a 5 kN load cell for 50
cycles. Micromotion was measured using two linear variable direct
transducer (LVDT) proximally and distally, while strain distributionwas
measured using four tri-axial rosettes medially and laterally at the
metaphyseal region. Two holes of 4 mm diameter were drilled 10 mm
below the osteotomy level for the proximal, and 10 mm above the
femoral stem tip for the distal. The LVDT were ﬁxed ﬁrmly at the extra
cortical femora with the spring tip touching the steel pin. Elastic
micromotion was computed using the difference between the peak and
trough for each cycle. The rosette used in this study had three grid
orientations 0 (ε1), 90 (ε2) and 45 (ε3). The result for FEAwill focused
on the equivalent von Mises stress and micromotion with similar
loading condition and material properties as experimental testing.
Figure 1. Experimental validation (a) Loading condition, (b) micromotion,
(c) strain, (d) strain gauge orientation.
Results:Micromotionwas found to be higher during the ﬁrst load cycle
compared to later cycles. The experimental and FEA results demon-
strated abrupt changes between the ﬁrst cycle and subsequent cycles.
Elastic micromotion initially decreased for both locations before it sta-
bilized during Cycles 7 and 8. Distal micromotion was initially 17.9 mm
before it stabilized somewhere between 10 and 11.5 mm. On the other
hand, proximal micromotion started at 4 mm before it stabilized in the
range of 1.5 to 1.8 mm. The ﬁnite element analysis (FEA) discovered that
themicromotion of proximal regionwas between 20 and 30 mm,while at
the distal region ranged from 30 to 40 mm. These FEA results correlated
well with the experimental results although the predicted micromotion
value from FEA was slightly higher (z 10 - 20 mm). Although, the
experimental testing was well correlated with FEA, the result from FEA
were slightly higher due several limitations such as the friction coef-
ﬁcient (m ¼ 0.4) used in FEA for the implant - bone interface, simpliﬁed
boundary conditions, loading conﬁgurations, and materials properties
(inhomogeneous). On the other hand, the maximum equivalent von
Misses stress value was determined using FEA at locations similar to
those used in experimental testing and was 15-20 MPa (A), 20-30 MPa
(B), 5-10 MPa (C), and 15-20 MPa (D). The mean value for experimental
testing was 14.26 ± 12.00 MPa (A), 11.68 ± 9.74 MPa (B), 6.14 ± 4.95 MPa
(C), and 12.22 ± 9.81MPa (D). The femoral stem in this study distributedstress normally in both medially and laterally, which would prevent
stress shielding from occurring and prolong the lifespan of the implant.
Figure 2. Elastic Micromotion.
Figure 3. FEA for stem micromotion.
Figure 4. Strain distribution.Ă
